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ABSTRACT

tention to vehicle

o

Future milttary vehicles require significant a
weight f the desired advantages of battiefield mobility are to be
achieved. Advancements in power-train and material technology will con-
tribute to the design improvements nevessary for these vehicles. Use
of high strength to weight ratio materials is being stressed, wherever
technically advisable and economically cost effective.

fAs part of the design considerations for a future L. S. Marine
Corps amphibious personnel carrier type vehi¢le, Larging Vehicie Assault
(i.VA), the feasibility of using a lighiweight alaninum track has been

cinnificant
signyticant

[ d

examined. Four concents for a LVA track tha' pould achiey

L]

weight savings compared to existing steel iracks are examined. Two

concepts are suggested for further evaluation, prototyping, and vehicle

testing. Preliminary weight and r:oduction price estimates arve made.
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Aluminum T-142 Double-Pin Track. Single piece alioy
2014 -761 forgings replace the standard production
ihree piece steel track blocks at a weight savings of
16.7 1bs. per pitch {assembled track shoe), a reduc-
tion of 22 percent. The production pins, end connec-
tors, centerguide, and pads are used; the track is
completely interchangeable with the steel T-142 and
T-97 tracks piesently used on the Md8 and M60 vehicies.
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One Complete Pitch (Treck Shoe Assembly) of the Alumi-

num T-142 Track. Track width, 28 inches; pitch, 6.937

inches; weight, 5%9.9 1bs. Roadwheel side rubber is
molded to the a]UMIDum blocks; road surface pads are

L Rl T 1 )

IR

Half Section of the T-144 Double-Pin Track used on M501
Hawk Missile Leader Vehicle (sectioned through the
cenuerglide) Track bleck is 2014-T6 aluminum forging
encased in molded rubber. Stee) protective cap for
integral centerguide is bonded to the aluminum "horn"
by the rubber casing....... ... .. i

s ke L

i

Single-Pin T-130 Track (M113 Personnel Carrier). Shown
15 an aluminum casting for laboratory stress analysis

ot the production steel T-130 track shoe body. The in-
tegral centerguide and drive area in the track body are
typicel of single-pin designs.. ... ... ... ... ... ... ..

il \l‘l““u R

Forging Alloys - Characteristics and Uses..............

Alioy Data - Die Forginas.......... ... ........ ... ...

TRACK CONCEPT DRAWINGS

B-100504-AE, Single pin with end drive

[

Concept 2. B-10C505-At, Single pin with end drive, modified f

Concept 3. R-200513-AL, Double pin with end drive

Concept 4. B-100%14-AE, Single pin with track body drive

(Drawings in pocket, teck cover)
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SECTION I
INTRODUCTION TO LVA VEHICLE AND TRACK RENU

-

NIS

REME

| F—

A future mix of U. S. military conbat vehidles 15 now being
proposed Tor limited warfare scenarigs that recuire high battletield
mobility. These vebicles must also provide increased armor protection and
batilefield firepower effectiveness to combat the iucreased threats of
tuture enemy hardware High vehicle mobility will be achieved by advance-
nents in power-train technoloygy and use of high strength, low weight materials
where they are most cost-etfective. Throughout these designs there is a
simply stated, but not so simply achieved, necessity tc minimize gross vehi-
cle weight. Proper choice and practical utilization of Tightweight materials
15 escential if the advantages of battleficld mobility are to be achieved.

The Y. 5. Marine Corps has identified the opevational need tor
an amphibious vehicle that will mect the surface mohility and combat support
requirements cof the post-1980 time frame. ODevelopment ot this vehicle, the
Landing Vehicle Assault (LVA), is to includ>? examination of designs that
will be capable of transperting and supporting assault forces during "over
the horizon"” amphibious landings and subsequent operations ashore.l

As part of the LVA design considerations, the feasibility of
usting an aluminum track has herein been examined. Aluninum tracks have
been proposed, tested, ¢ .d used on several preduction vehicles since the
late 1950's. Recent programs have demonstrated the advantage of lighter
weight aluminum tracks for heavy battlie-tark type vehicles.?  The effort
under this David Taylor Maval Ship Research and Development Center contract
has been to examine concepts for a Landing Vehicle Assault track that will

achieve significant w vt savings compared to existing steel tracks used

ot
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The gonal of tiis study was to suggest the design{s} for the *ightest weiynt
aluminum track that might meet the track requirements of a vehicle in the
veight and performance classification of tne LVIP-7; this design{s) concept
could then be further developed and evaluated for tne LVAT. A sucn the

follow'ug general guidelines v-re followed

1. 21" track width

3. Track performance equal to LVIF-7

[ad
[+ %)
(@]
7‘

v
4. FReplaceaeule road surface pads
5. Interchrangeability of cemponent narts with existing

tracks where possibia {without increasing weight or
degraZing perrornanLc)

The study fecused on those areas that heve historicelly been
1dentified as possible deficiencies in the operatiorn of a single-pin aluminum
track. Special attention was given to field and/or depot replacement of
critical wear areas, particulariy the sprocket engagement and centerquide
areas of the track shoe body. This replacement of selected, prevdentitied.
Tife-limited track components wculd extend the operational us2 ¢f the basic
track shoe body to its maximum 1ife (determined by metal fatigue Vimit or
failure/wear of rubber components).
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¢ follow-0n progiram
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b s utitizing experimental siress anaiysis
and labcratory testing of actual prototype hardware to more fully examine

and refine the most promising design(s) are identitied in Section V.

SECTION 11
BASIS FOR TRACK DESIGN CONCERTS

Historically there have been several concerns with ajuminum trace

systems:

?




1. Abraszion resistance the drive areas

[}
4l

2. Strenyth of the basic shoe tody under track tension,
bernding, and Iorsional loads
3. Strength anc wear resistance ot the centerguide area

Throughout this analysis, special attenticnwas placed on resolving the
strength and abrasion resistance concerns ot the drive and centerguide :
Tocations. i
Several previous aluminum track programs have examined ana deimon-
strated the advantages of a double-pin {versus single-pin} dosign in elimi-
nating items 1 and 3 above by using separate hardened stecl components in 3
critical wear areas. Lbxamples of double-pin designs are tne T-1472 track
uvsed on the M60 and M4B battie tanks (shown in its aluminum version in
Figures 1 and 2) and the aluminum T-144 Hawk Missile Loader Vehicle track
(shown in cross sectien in Figure 3). By comparvison, the shoe body of a
single-pin track {tihe 1-130) s shown in Figure 2. The double-pin design
is penalized in weight Ly the aldition of the second pin and separate con- E
necting hardware, but it uses a simpler block design then a single-pin
track. The additional pin does result in lower rubber bushing lcads, &
definite advantage for increasing the Tifetime of a heavily loaded truck.
The challenge herein was to cxamine "lightweight™ design conceptls
that would meet the LVA requirements. Therciore, both double- and single
pin tracks were exawined. Four tracl concepts were studied, one of which
is a double-pin design similar to the M10% Howitzer's steel T-136 track;
the remaining three single-pin tracks are based on the LVTP-7 track. It was
felt the single-pin design offered a weight advantage but created prohlems
in prevention of sprocket and centerguide area wear. Single-pia aluminum
tracks are nol proven in service, as are several) double-pin tracks, but it
was felt a single-pin design should be thoroughly reviewed for the LVA becrus:?

of its advantages for weight reduction.

- 3 -




the aiuminum

successtul over the years. Fictured in Figure 2 15 a cross section of the

-144 track, tts centerguide is tite-

gral to the track body and its steel protection s i

to the aluminun
by rubber. This concept has worked in production, anc the tand has preven
to be durable in vehicle operation. This rubber bonded cap concept, if

rastricted to the c¢uer-atl dimensions of the LVTE-7 track wuid

H de, would not

provide sufficient lateral strength in the quide and would possibily eves

be to¢ thin to forae econcmically in a typical forgince operation. Thic
tybe of protective cap couid be used successfully on the LVA if the read-
wheel ouide area were widened to permit a thicker guide horn, particularly

at the horn base. A disadvantage ¢f the rubber bondcd steel cap i1s that it

cannot be replaced without rerubb

[a¥

rizinGg the entire track bedy. Tt would
not be field repairable and therefore is not felt to be cost effective in
extencing the over-all track life.

Throughout (mis effort, concepts to fully utilize components

that could be replaced not cnly for routine maintenance but also for omer-

ey

gency field repair were stressed. Therefcre, a centerguide concept was
envisioned in which the centerquide would be made of a steel casiing or
forging and held in place by bolts through the aluminuw biock. This con-
cept could de made to the dimensions of the existing iVIF-7 and would allow
the desired field replacement of worn components. In each cof the four

basic designs evaluated undcy this centrant, the repiacrable centerguide

been evamined and proven
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concept is suagasted. In all aesigns, the centerguide location has been
toward the torward avea of the body so that the track centerguide comes
into contact with the roadwheel prior to application of the full weight of
the wheel on the track, thus providing a better aiignment of the track
system ond less weer. HWorst-case centerguide side loads heve been computed
and are included in Appendix A. Some consideration might be given to using
the same bolit assembly 1or retaining bolh the track pad and the centerguide
as a possible sten to further reduce weight and the nunber of hardware parts.
The other track area requiring abrasion resistance, namely the
sprocket engagement jocation, was likewise considered for a repleceable,
easy main:cnance component. In the case of the double-pin design, the
drive system utilizes "end connectors” of hardered steel that could be
replaced as required. In the case of a single-pin design such as used on
the LVIF-7, Lhe repiacement ¢f sprocket wear areds rajquires repiacement of
the entire shoe. 1n fact, the U. S. Marine Corps has said that the main

-

reasm: for replacement of the LTVP-7 irack is wear of the track body sprocket
drive area. Therefere, o counter tne known probdems with an ajuminum forg-
ing in this application, and alsu to provide the desired ease of maintenance,
a separate body insert or end drive system was included in each of the tour
designs considered. (Note that the insert concopt (Number 43 would vegquire
minimum alteration to the existing LVIP-7 <cuspension.) By carvefu) considera-
tion. the anticipated problems witn wear have been overcoeme in these designs
throngh utilization of repiaccable steel components.

The basic track block concept 15 a redesign of the existing steel
LVTP -7 track (single pin) oy the T-136 track (double pin). It is assumed
that the LVA as it is finally designed will be Gf the same weight (lass and

have similar lard performance requiraments as the existing LTVP-7.  Attempts

w2re not made under this contract to describe a general purpose track but
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rather to refine the existing track and drive systems so that a lighter
weight track could be used successfully. A basic consideration in the
design philosophy was alwo that the vehicle never wili be operated with-
out the road suyface pads, and that the replaceable feature of the pad is
for simyle replacement of worn out pads (as opnosed to providing a combat
configuration; i.e., without pads). Therefore, all desigrns have included
a replaceable rcad surfice pad that will bz in place at all times. Track
loads are also assumed tc be essentially the same as that of the existing
tracks since the vehicle weight and performance reguivrements have not been
appreciably changed.  1In all cases, hardware components such as the pins,
pads , bushings, and nuts and bholts have been designed, wherever possible,
10 be the same as those used in existing, Tielded tracks. In cases where
it was felt additional sirength or dimensional changes were required, new
hardware components hava been suyggested, atthough detailed specitic designs

are beyvond the scope cof tnis effort,

"

LCIION T
FRACK _CONLEPTS

Concept 1 - Single-pin with end deive (Drawing No. B-100504-AF).

This design was the first considered, and wes derived fiom the LVIP-7 track
by modifying the scction properties where necessary.  The sectien property
analvsic of this redesign 1< contained 1n Appendix B. Basically, this
design utilizes a replaceablie steel centerguide 1n conjunction with sprocket
cigagamnt on o cteel cleeve over the end of the shoe bedy. In this concept
the steel slecve drive area 15 not truly replaceable altheugh the shoe

could be refurbished in @ maintenance depot. The steel sleeve could it

either ovar the forging itself or ride on 2 separate bushing assembly. As
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pictured, the sleeve Tits directly on the alwninum shoe, althcugh this

could result in abrasion and wear of the aluminum forging if the sleeve

began to rotate on the forging. If this systen were to be field replaceable,
it would be necessary to provide a bushing for the drive sleeve to fit dir-
ectly on the pin. This bushing could be made free¢ to rotate, thereby distribu-
ting the wear over the sleceve surface and reducing power 1oss to friction betweer
the track and sprocket. With minor alterations, the shoe pad and bolt assembly
would be the same as the existing track. The pin and bushings likewise couid
be the existing parts. It was felt in this analysis that because of higher
loads at the ends of the block due to the dvive mechanism location, this
portion of the track body should be strengthened and possibly a 1-inch
(diagonal distance) octaganal pin used insteed of the current 13/lo-inch
octagonal pin. The estimated weight for this design in a complete asiembly

-
L}

o
[

[plS]

3 O pounds per pitch Or approximaiely 45.06 poungs per running toot ot

1

track. The 6-1inch pitch and 21-inch width have been reteined from the exist-
ing LVTP-7 track. This concept would obviously require a different sprocket
hub than the existing vehicle since the Sprochet must engage over the ends
of the track pins end not in the block itsef; the sanme sprocket design might
be used, however.

Concept 2 - Single pin witn end drive, medified (Hrawing No.

B-100508-AE). This concept utilizes the basic type of end drive as picposed
in Concept 1 with mucifications for additional strenath throuah the shue bLody.
particulariy in the drive location. Also included is a heavicr pin to take
the increased ioads at the drive location. The sprocket engagement area in
this case is a separate steel component riding directly on a pin bushing: end
the drive assembly is held in place by the pin nut and an euriliary bolt

into the shoe body. Load conditions were examined for a general end

drive type desigr, particulary through Section Y-Y, and additional strength

-] -
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was sugyested to mointgirn a satistactory design margin. These analyses
are shown in Appendix C. The centerguide used in this concept is the samc
as that proposed in Concept 1. An alternete guide proposal is shown in
View 2 that uses a single 1/2-inch LIt for attachment of the centerguide
(as opposed to using two 1/6-inch bolts). This change was for case of
handling during assembly and maintenance of the track, and to strengthen
tne assembly. The end drive component for the drive sprocket engagement

i5 essentially the same physical size as the existing engagement area cn
the LVTF-7 so that, other than sprccket location, the same sprocket could
be used (as also indicated for Concept 1). Use of the l-inch pin causes

3 weight increase ot approximately 1-1/2 pounds over the existing 13/16-inch
pir but it 1s felt that it will be required because of the increased load
on the pin at the drive location. Additional snalysis may reduce this
weight penalty by demonstrating that a hollow or smaller nin is adeayate,
Concept 2 as shown uses a three-lobe track body as opposed to the five-lobe
body of the LTVP-7; the change is to permit Strengthening the body at the
end drive location. The road surtace pad, as in the preceding concept, is
replaceahle and bolted through the center of the track block. The pad con-
figuration has wot been specitically defined but s expected to be similar
to the LYIP-7. In both of these drive systems, the existing type of octayona)
pin and separate rubber bushings is retained.

Concept ¢ 1s esscatiaivly a refinement of Concept 1 vmproving the
areas identified as having pessible woaknesses.  This track would require
slight suspension redesion from the LVIP-7 (drive sprockets), and wouls not
use existing pin or ovushing hardware. The cstimated weight for Concept 2
is 25.6 pounds per shoe, or 51.2 pounds per feot.

Concept 3 - Double-pin with end drive (Drawing No. B-100513-Af).

This double-pin track concept is basicaily a revision vt the 15-inch T-13&




track used on the M108/M109 self-proupelled howitzer. The track body con-
tains an integral centerguide. The tracik width would be extended tc the
total 21-inches suggested for the LVA and the pitch openad to 6-inches.
As opposed to T-142 double-pin track (Fiqures 1 and 2}, this concept uses
a single block with a centerguide directly attached to the treck block
1tself. The centerguide arrangement is kasically that suggested on the -
previousiy described singie-pin designs. The track pad, like the other

designs, is replaceable and held in place by a nut and bolt through the

e W

track body. As this is & more extensive rodesign of the T-1236, the hard-
ware {i.c. the pads and pins) would not be those used in production for

the curvent track. The double-pin design does have an advantage in being %
driven off the steel end connectors and 1t has been proven in actual field
use of aluminum tracks. Also, the track body geometry is less susceptible
to stress concentrators that could cause taillures. TrnuS, This track 15 a
lower risk development than the single-pin track although it does weigh
more due to its double pin and more massive block arranjement. The center-
guide concept here shown in Section AA and BE could use a riveted steel

cap as an alternate method of providing protection ts the aluminum hovn,

The centerguide would then not be replaceable except by refurbishment in

& maintenance depot, although & weignt reduction and sinplification of track
parts would result. This concept s estimated to weigh 32.8 pounds per shoe

or 65.6& pounds per foot.

This design physically is the closest to the cxisting LVIP-7 track, and
retains the basic five-lobe desian with chevron-type grouser and replaceable

rubber pads. The same octagonal pin and bushing arvargement 1s also retainec.

The block design and section properties are Das‘cally the same as those




proposed in Ccncept 1. The centerqguide would be the bonded or riveted
“"cap" or the boited design discussed previously. The significance ditfer-
ence in this concept is the use of ¢ veplaceable steel insert in the track
block drive area. These steel inserts are held in place by a retaining
strap bolted into the body. As opposed to the previous concepts, and more
ke a conventioral single-pin track, the area of sprocket engagement is
in the track biock. 7o prevent possible entrapment of forcign matter that
would create sprocket/track block interference and misyuiding, the block
is open through the engagement area. Because of the drive location, the
grouser sectional area ray be limited relative to that suggested in
Concepts 1-3. This could restrict enlarging the rubber pad (to reduce

the vehicle ground pressure); larger pads would be possible in the other
concepts. However, the track would te directly replaceable on the LTVP-7

1
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shy, change o2 the exa’sting venicie. Tne steel dive
inserts are themselves a werght penalty of approuximately twe to three
pounds per biock. Weight reduclion in this area might be achieved by
hollowing a portion of the steel inserts, and providing a single bult
attachment fcr the retaining strap.  The drive area is stightly smaller
than that of the existing track Lut is Jaryge enough to accommndate the
sprocket as currently designed. As Shown, tnis design would weigh 25.7

pounds per shoe or 51.4 pounds per foot of track.

SLCTION [V
ALUMINUN ALLOY DOCUMENTATION;

WEIGHT AND_CRODUCTION COST_ESTINATES

The four designs considered are based on use of the mecharical

properties of 2014-TE1 die forgings. The alloy, as craracterized in

Figure 5, has seen wide uze in aircraft and ordriance parts where high

I
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tensile and yileld strengths are required. It is a good, economica: forg-
ing alloy and has good machinability with acceptable resistance to corvo-
sion for this applicaticn. The T-144 and T7-14? tracks have been made 1n
2014 with resulting excellent field performance. Figures 5 and 6 summarize
the character:stics and typical mechanical properties of die forgings in
a nunber of aluminum alloys. Higher strength alloys, such as 707% are
available and mighkt provide a higher margin in the design and/or allow
weight reduction in the track body, but at a higher cost. Additional
analysis is required on actual hardware (Section V) to define specific
stress levels before making alloy or design refinements.
A weight summary of the four proposed concepts is included in
Figure 7. This summary shows Concept 1. the single-pin with end drive
is the Tigntest of the four concepts at 45.6 pounds per foot. The double-
pin track, Concept 3, is the heaviest at 65.6 pounds per foot. Inter-
mediate are the modified single pin, Concept 2, at 51.2 pounds per foot,
and the track body arive single pin, Concept 4, at 51.4 pounds per foot.
Recommendations inciuded in Section V sugaests Concepts 2 and
4 be pursued for hardware analysis end prototype testing. Production
cost estimates have been made for these concepts, end are given in
Figure 8. It should be noted that these estimates are made without com-

plete details of the actual finished designs, and are in 1976 dollars.

SECTION ¥V
RECOMMENDAT IONS
Three of the tour concepts evaluated involve several distinc-

tively ditfferent approaches to a lighter weight track for a future venicle.

(Note that Concept 2 is an evelution of Concept 1 that incorporates modi-

fications 2imed at eliminating weaknesses). Because of the emphasis on




lightveight, and the weight classification of the vehicle, a single-pin
design cffers over-all advantages and possible commonality of hardware
with other vehicle tracks. The primary emphasis herein has bgen to reduce
weight while maintaining the same performance level designed in'o present
tracks. In addition, considerable attention hes been placed on replacenent
of wear areas (the centerguide and track drive locations) to achieve maxi-
mum track life, and therefore cost effectiveness of the indivdual track
components. The double-pin track represc- less of ¢ techrnical risk in
that this type of track has bLeen designed, tested, and produced for vehicie
use and has per- .. satisfactorily. However tie heavier weight is not
desirable. The 1e-pin design is therefore not recommended for further
evalyation. The single-pin designs desciibed in Concepts 2 and 4 offer the
best combination of weight savings, chance for technical success, potential
cost effectiveness, and commonality vith existing hardware that is desired
for the LYA and other future vehicies.

Additional stress onalysis of the basic track body is required
pefore either of these designs e carried further, It is recommended
that taboratory analysis of hardware (i.e. castings) be carried ont to
refine these designs and that the resultant final concept be made into
prototype track for further qualification testing. This would include
verification laporatory tests of actual producticn produced die forgings,

and {o be Toilowed by asserbly into track sections for vehicle testing.

sl Lme 1
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SECTION V]
Tentative Specific Cperational Requirement, (M0B-1.057) Lanaing Vehicie
Rsszult (LVA).

"The Development and Use of Aluminum Track for Military Vehicles,"
W. J. Lane, September 1975.

“Proposal for a Desian Study of Lightweight Track for the U. S. Marine
Corps Landing Vehicle Assault {(LVA)." May 23, 1975.

"Mechanical Engineering Design," J. E. Shigley, McGraw Hill, 1963, pp
158, 183.
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APPENDIX A
CENTERGUIDE LOAD ANALYSIS

Assumptions:
1. Maximum vehicle roll angle (side siope) is 40°

2. There are six road whecls on each side

L

The equivalent of at least one centerguide is in contact with cach wheel
(at any one time)

4. The worst possible case is for six centerguides to hold the maximum vehicle
side 1oad (ignores friction between roadwheel and track body)

[ ]

Maximum vehicle weight s 50,000 pounds

6. The load on each centerguide is concentrated &%t a joint 1-1/2 inches
from the auide tip (center of observed wear patte=n on LVIP-7 track)

Then:
The side load or each guide is given by

Fe

{50,000 1b.){cos 50°)
6

Fs = 5,356 1bs.

The centerguide sectiong are snown:

1.5" T -~ 1
I - 4 i :ii (\_;) -‘J Section A-A

4 3
f | pe—1.7 "]
: ¢
| \ i
R M= (2.5) (5356) = 13,4060 i .-1b.
3
Txx = %g-— T bolt hole, 9,16'
B (1.7) (.9)3

= gy - .Q0% = .198 in.4




Appendix A - Continued

The maximum stress at the auide base is given by

o L M M = 13,400 in.-1b.
max 1 ¢ = .45 1in.
i = .098 in.%

O
max

I

61,500 psi

2014-761 Typical Properties (from Figure 6)

Tensile strength 68,000 psi
Yield strength 56,000 psi

The above analysis depicts a suggested rare worst case situation, and does
show yielding cf the centerguiding area could occur. The centerguide area
of the track block will, however, provide sufficient strength for generally
encountered field conditions.

- 15 -




SUMMARY

APPENDIX B
SECTION PROPERTIES

i()F COMCEPTS 1 AND 2

CONCEPT 1 - Single pin with end drive; Drawing No. B-100504.-At

e Ixx vy Syy Syy  Sxx
Section . . ___Left Right Top
Steed 1.12 £.43 2.18  3.31 . 8a¢
"X-X" Alum. j.6l 6. 80 2.689 5.80 1.34
% inc. 447 25° 23, 157 35
Steel .33 3¢ .55 .256 400
"y-y*" Alum. LG3 .45 .67 .38 .52
% inc. 30. 11 22" af. 30
Steel .156 .059 L1 114 207
"Z-1" Alum, .254 .083 1 14% . 287
% inc. 63 40 54 277 38
Steel 012 124.38  11.85 11.8% 082
*0-0" Alum. .028 164.31 15.65 15,65 .182
% Inc. 133% 32% 32% 32% 120
Steel .010 16.43 3.46 3.36 (84
"g-B" Alum. .024 22.29 4.69  4.69 . 156
% inc. 140 35 35. 35, 83
Steel 1.87 160.07 20.29 206.29 1.6!
"A-A" Alum. 2.84 271.51 34.21 34.21 2.33
% inc. 527 707 69~ 69~ 45~

CONCEPT 2 - Single pin with end

Bot.

.78
1.13
457

L3158
.41
30.

.2
.330
647,

2.85
3.86
357

1.30

1.71
31

FRA S W )
3w

PO = -

s P

[F % N
ke 1 CH

~a N
LD
< o

YA

30 =

6.68
10.67
60

Sax  Area  J;

Jz

6.55
8.41

.65
.88

215
337

1e1.
274.

Lo WD

drive, modifigd; Drawing No. B-100508-nt

section

;‘IA_AH

"Xp-Xp"

" Y-YH

Steel
Alum,

o

Steel

Alum.
o

Steel
Alum.

% *nc.

% inc.

“ inc.

1XX

1.87
2. 70
a4

1.12
1.57
407

.33
.678
1057

1 ;VS’

160.07
311.33
947

YT TSy TS T T
Lett  Right Top  Betr.
20.29 20.2¢9 1.61 1.34
38.568 38.58 2.25 1.8%
90 90" 40 41~
2.18 3.31 L9889 75
5.53 5.40 i.424 1.34
1547 63~ 44 10
.55 . 256 100 .315
2.36 2.40 653 .761
511~ 8371 03 141

.65
b.178

R



E

DEFINI™ION

SECTION PROPERTY DATA

OF RESULTS:

ARBITRARY AXIS

AREA--
WT/¥T-
XBAR--

YBAR=-
IXXA-~

IYYA-~-
IXYA--

AREA OF THE SECTION IN INZ.

WEIGHT PER LINEAL FOOT IN POUNDS.

DISTANCE ALONG THE ARBITRARY X-AXIS FROM ITS OGRIGIN
Y-AXIS IN INCHES.

DISTANCE ALONG THE ARBITRARY Y-AXIS FROM ITS ORIGIN TO THE NEUTRAL
X-AX1S IN INCHES.

MOMENT OF INERTTA ABOUT THE ARRITRARY X-AXIS IN IN%.

MOMENT OF INERTIA ADOUT THE ARBMITRARY Y~-AXIS IN TWNT,

PRODUCT OF JINEKTIA ABOUT THE ARBITRARY CRIGIN IN‘IEj.

TO THE NEUTRAL

NEUTRAL AXES

FOUR VALUES OF SECTION MODULUS IN INS,

SXXTOP--—IXXN/DISTANCE FROM AXIS XXN TO EXTREME FIBER AT TOP OF S:CTION.
SXXBEOT-~--IXXN/DISTANCE FROM AXIS XXN T0 EXTREME FIBER AT ISOTTOM CF SECTION,
SYYLEFT-~IYYN/DISTANCE FROM AXIS YYN TO EXTREME FIRER AT LEFT SIDE OF SECTIuA.
SYYRIGHT-1YYN/DISTANCE FIOM AXIS YYN TO EXTREME FIBER AT RIGHT SIDE OF SECTION,

IXXN--
IYYN--
IXYN=~~
IUUN-=~

IVVN-~
BETA~~
RXXN~~
RYYN-~-

B nd 3
VN OdsINT T

MCMENT OF INFRTIA AROUT THE KEUTRAL X-AXIS (XXN) IN IN4,
MOMENT OF INERTIA AROUT THE NEUTRAL Y-AXIS SYYN) IN jgj;
PRODUCT OF INERTIA ABROUT THE CENTROID IN INY,

A PRINCIPAL (MIN. OK MAX.) MOMENT QF INERTIA,
ROTATED NEUTRAL X-AXIS (XXN) IN INT

A PRINCIPAL {MIN. OR MAX.) MOMENT OF INERTIA, AXIS VVN BEING THE

AX1S UUN DBEING THE

ROTATH!: NFUTKA!I Y-AXIS (YYR) IN _XNi 7
THF. ANGLE BETWEEN THE U-AX1S5 {(Uin) AND THE NEUTRAL X-AYIS (XXN),

MEASURED FRUOM THE NEUTRAL X-AXIS (XXN) IN DEGRFES (+ COUNTERCLOCKWISE)
RADIUS OF GYRATION WITH RESPECT TO THE NEUTRAL X-AXIS (XXN) IN INCHES,
RADIUS OF GYRATION #1TH KESPECT TO THE NEUTRAL Y-AX1S (YYN) IN INCHES.

FOLAR MOMENT OF INERTIA.

FOR FURTHER EXPLANATION OF THESE PROPERTIES SEE:

1.

“"FORMULAS FOR STRESS AND STRAIN" BY RAYMOND J, ROARK. PUB,
MCGRAW-HILL BOGK COMPANY, INCORPORATED.
2. UYMECHANICS BY J. L. MERIAM, PUB. JOHN WILEY & SONS, INCORPORATED,

X. "ALODOA STRUCTURAL HANDBOOK".
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APPENDIX C
DRIVE LOAD ANALYSIS

1. SINGLE PIN, COMCEPTS 1 AND 3
This analysis specifically addresses Concept 1, single pin with end drive
(Drawirg B-100504-A%). The section properties are '.hose described in
Appendix B. Because of block design similarity with the drive insert single-~
pin concept (4}, this analysis generally applies to both singie-pin concepts
1 and 4, except for the drive area itseif.
A. Track Tension lLoading

Track operating conditions:

20,000 1bs. tension
67,000 in.-1b, torsion

Tension loading:

1852 1b./in. 1852 1b./4n. 1852 1b./in.
A ¢ d
= T = a——Pin
B J
2174 1b./in. 2174 1b./in,
s

These Yoads are analyzed by assuming concentrated loads applied at the
"hinge" Tocations, as below:

A 5,740 1bs. at & = 1,55"
B - 10,000 lbs, at £ = §5.61"
C 8,520 1bs. at &£ = 10.42"
D - 10,000 lhs. at £ = 15.23"
E - 5,740 1bs. at & = 19.26"
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Appendix C - Continued

B. Track Torsional Loading

T

3776 1h,

|

: 965 1b.
! \

- |

==

= «*+— Pin

!

Assume the 67,000 in.-1b.
concentrated ioads acting
below.

3,776 1bs. at £

6,965 1bs. at &

[}

Refer to draw;ng B- 100504
25.5% to the pin as shown

6965 1b.

*t

3776 1b.

moment about the track certer is composed of
at same locations das tensile lcads, as indicated

1.58" and 19.79"
$.61" and 15.23"

i

Stress on tnd Drive Location of Track Body, Section Y-Y, Concept 1

-AE.  Section Y-Y is included at an angle of
in the sketch below:

' Y
g R N |
?
? , | N5 -
z ! ' \\NﬁY
| /
] ﬂ{/
5740 1b. //’*‘\\\
\
5180 1. 3776 b —~—(—— |

l___ J‘ '/l
|

AN
L 2

o ki

i
E
]
1




Appendix C - Continued

et

Stress conditions for the 67,000 in.-1b. torsional loads applied positive
(as shown) and negative are calculated below:

+ 67,000 in.-1b. Torsion:

Mx = 3,776 (.4) + 2,470 (.275)
= 2,190 in.-1b.

My = 3,776 (1.5) -5,180 (.275)
= 4,240 in.-1b.

Mz = -2,470 (1.5) -5,180 (.4)
= =5,777 in.-1b.

Rx = 5,180 1b.

Ry = 2,470 1b.

Rz = 3,776 ib.

- 67,000 in.-1b. Torsion:

Mx = =3,776 (.4) + 2,470 (.275)
= ~ &30 in.-1b.
My = -3,776 (1.5) -5,180 (.275)
= -7,080 in.-1b.
Mz ;

0 (1.5) -5,180 (.4)
71

-2,47
-5,777 in.-1b.

Bending ai:d tensile stresses are then determined using the section prop-
erties shown in Appendix B for Section Y-Y.

> o

¢ Bending = %g o Tensile =

+ 67,000 in.-1b. Torsion:

455636

o b-Top = =290 L1.87-1.082) . g 196 psi
o B~Bottom = 4’242§é34042) = 10,300 psi
o B-Inside = =22177 L68) = g 630 ps; o

o -5.777 (.68-1.89) _ .
o B-Outside= --u-ijggggEr-——~l = 15,350 psi

ibllat

g Tensile = -=X==- = 3,030 psi?

s




Appendix C - Continued

- 67,000 in.-1b. Torsion:

- = ‘7.090 (]-042‘1-87) = 2 r
o B-Top 47874 13,690 psi
o B-Bottom = ~72090 (1.042) - 17 530 psj
*238174
- 3 - , 11 68) - 3
¢ B-Inside -—-Z§§%€» 8,630 psi
vrcidas ~5,777 (.68-1.89) . :
¢ B-Outside A5 3E 15,350 psi
o Tensile = 22180 = 3,030 nsi

1.7102

The worst stress condition in this section is then at the top, vutside
element where

¢ Maximum = 3,030 + 15,350 + 13,690
=32,070 1bs.

This results in a factor of safety of 1.7% based on the typical yield
strenyin of 2014-76 die Torgings. The 1iTe of this design is not infinite
as indicated by this stress condition above the material's endurance

Timit {18,000 psi). Estimates of lifetime are not felt to be accurate
within the sccpe of this analysis and are not mede. Additional strengthen-
ing of this design might be indicated after a inore precise determination
of stress patterns (particularly stress concentrations) is made (e.g.

by laboratory stress analysis as suggested in Section V).

D. Stresses Through Track Block, Section X-X
5,749 1b. 5,740 1b

— 6. 47—t

A 7 \ )

t
+i— pe— | +
3.33" '

' 6.965 1b. /ﬂ‘N

i
1 - .182"
00

1b. 10,000 1b.

10,0




Appendix { - Continued

™
wribnbiai

Mx = £3,776 (6.47) +6,965 (2.41)
= 47,645 in.-1b. (* torsion load)
My 5,740 (.182) 3,776 (2.67) 6,965 (3.33) -10,000 (.182)

32,500 in.-1b. (+ torsion)
-34,050 in.-1b. (- torsion)

i

Mz = 10,000 (2.41) -5,740 (6.47)
-13,040 in.-1b.

-4,260 1b.
0

o, i, s

won

Ry

Rz = 3,776 - 6,965 = 3,190 {+ torsion)

¢ Bending = %&

= 15,710 psi (* torsion) ;
_ 7.645 (1.423) E 3
u

B" BOi.i.Ulll = 1 609

= 76,76G psi (= torsion)

-13,040 (1.789)
o B-Front = 6.7394

= -3,430 psi {1 torsion)

il

13,040 (2.523)
o B-Rear = 6,794 :

= 4,840 psi (* torsion)

Tension loads ncrmal to track surtace are zero so0 that the worst stresses :
are at the top rear surface of the block, and are 10,550 psi; a safety ;
factor of inore than & over the typical yield strength of 2014-T61. - E
Thus, Section X-X is adequate from the standpoint of gross stress levels; - 3
possible stress concentrations should be defined in laboratery tests of

prototype hardwaie.

E. Stress through treck block assumning one block supports the entire vehicle
weight (Sectiun A-A},

Beam Loading:

. PL
M maximum v &
_ jﬁl_jso,OOOQ
- 4
75,000 in.-1b.




Appendix C - Continued

I1.

Mc

o Bending

o B-Bottom

SZ§1111;407)
2 (2.83%)

-18,600 psi

75) (1.218
1777?733571
16,100 psi

[

o B-Top

Stresses are well within 2014-T6l yield strength with a safety factor
of approximately 3 for this extreme loading condition.
Single Pin, Concept 2
Refer to Drawing B-100508-At
A. Track Tension Loading
Track operating conditions:

20,000 1bs. tension
67,000 in-1b. torsion

Tension loeding:

1,961 1b./in.

A D
2,660 1h,/in, 2.560 1b./in.

Assume concentrated loads at "hinge" locations:

A - 10,000 1bs. at 7 = 1.96
B - 10,000 Tbs. at & = 6.67
C - 10,09 1bs. at & = 11.77
D - 10,000 lhs. at ¢ = 16.48




Appendix C - Ccntinued

B. Track Torsional Leoading.
The 67,000 in.-1b. torsional Yoad is composed of concentrated loads
acting at the same Tocations as abave.
9,230 1bs. at 2 = 1.96 and 16.48
26,270 1bs. at ® = 6.67 and 1).77
9,229 1b, 26,270 1b.
; :
x ! -
= : ] «—~ Pin
]
| 1
26,270 1b. 9,230 1b.
Ial Chivmmr i Fed Nuadiin b maadtd e o Ta- o1 DA Camnda o~ YV Mawmse - N
LV SLIT2D Ul LI Y YU LuULaL il vi 15OLA DUWY 3 JOLLIUT | i Y UUIILCPL [
/ \ @—*‘9,230 ib. -
00 /0 '—1\\\\\
, P e f
1.7"
.33"
—ped "
X Y y -
X, Y
- 39 -
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Appendix C - Continued

1"

Rx 8,660 psi

Ry = 5,000 psi

Rz = 49,230 psi (& torsion)
Mx = -9,230 (.33) = ¥11,710 psi (* torsion)
My = 9,230 {1.7) = +15,690 psi {¢ torsion)
Mz = 6,660 (.33) -5,000 (1.7) = -5,640 psi
o Tension = % = %fg%%—-= 2,660 psi
o Top = Mo _ £(15.69) (1.04) _ 124,000 psi
] .678
o Bottom = M¢ = £(15.69) (.8911) - 42,620 psi
I .678
Y 16
o Front = %? = (a.gdéoé} t'362:—1,680 nsi
- {8 (2.20 ,
¢ Reav = %% - ‘“'g?goé§'2 4) = 2,350 psi

The worst stress condition is at top, rear
o = Z,660 + 24,000 + 2,350 = 29,010 psi

This is a safety factor of approximately 1.9 on yieiding for typical
2014-T61 properties, but as in the case of Concept 1, the 1ife of the
desigr i35 not infinite. Further fatigue evaluation ic left to labora-
tory stress analysis.

General comment -- Caution i3 advised in the interpretation of the calcula-
Tions shown in this Appendix. The bending formula o = MBS assumes that the
cross sectional dimensions of the beams are small compared to their lengths.
Stresses could be larger than indicated, pariicuiariy at stress concentrations.
These values are shown to suggest areas (such as the centerquide and end drive
location) that might require additional strengthening. The sections are based
on the LVTP-7 track (Appendix B) and are generail- such that the aluminum

track will be equal to the existing steel track. Final design refinement by
laboratory stress aralysis should be completed, as indicated in Sectlion V.
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ForGING ALLOYS - CHARACTERISTICS AND UsES

Typical Uses

Tempers - h
Alioy gerierally General Characteristics
B used B ~ o

1100 -0 Comercially puve aluminum not sus-
ceptible to heat treatment. Easily
forged. Excellent resistance to
corrasion.

2014 -6 High tensile and yield strenath

-T81 combined with good ductility. Gooa
machinability. Fair forging charac-
teristics.

2024 -Té Special purpose alloy not used for
general forying applications. High
strength but relatively poor forging
characteristics.

2219 ~-T6 Good mechanical properties at room

-T852 temperatures. Ability to retdin
strength after prolonged exposure
at elevated temperature. Very good
weldabiiity ard joint efficiency.

2618 -T61 Good mechanical properties .t ele-
vated temperature. Freedom trom
growth.

4032 -T6 Good eievated temperature strength.
Lowest ccefficient of ernansion of
forginag alloys.

5083 -H111 High strength nonheat treatable
-H112 alloy. Strengthened by coid work-
~H117 ing. Gond for ballistic applica-
-H13! tions. Very good weldability.
~-H321 Good corrosion resistance.

5456 -HI] Similar to 5083.
~-Hile STightiy higher strength,

-H116/117

-H131

-H371

Cooking utensil components; pipe
fittings and other pvarts faor chem-
ical equipment. Cahle clamps for
electrical industry.

Widely used for aircraft and
other heavy-duty structural uses.
for foroings of very large cross
secticn, the atlsy can be rough
machined in F temper and then
heat treated tc obtain sorewhat
higker properties and alleviate
distortion problems. Actucl uses
include airfrane components, <ir-
craft landing gear parts, truck
wheel hubs, equalizer beams for
trucks, ordnance and missile
jarls.

Aircrafi propellers.

Tankage tor liquid fuel rochkets.
Structural parts which must Jper-
ate at elevated ieaperature for
prolonged periods. Structural
parts to be welded.

Airiraft cylinder heads and
pistons. Tire molds. Jet engine
ACCOSSAries.

Foraged pistons,

Rallistic parts for military vehy-
cles.  welded high strength struc-
tures. Marvine appiicatons.

Baliistic parts for military vehi-
cles. Welded high strength struc-
tures. marine applications.
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Alloy

Tempers
generally
used

General Characteristics

Typical Uses

6061

6151

7075

-Te
-1652

-T6
-1652

-T6
-T652
-T173
-T738%2

Koderate yield and tensile strength

combined with good ductility. Ex-
cellent forging characteristics.

Moderate mechanical properties.
Good machining characteristics and
resistance to corrosion. Excel-
lent forging characteristics.

High strength aluminum forging
alloy. Close control required in
fabrication. Overased (-T7) tem-
pers have high resistance to
stress-corrosion cracking. Ten-
sile and yield strengths are about
10% less than 7075-T6.

Figure 5 - Continued

-9k -

Transportation equipment such as

ruck parts and automotive wheels,
pipe flanges; chemical industry
and water heater hardware requir-
ing assembly by welding or braz-
ing.

Intricate parts, aircraft engines,
crankcases, aucomotive parts and
haiy dware, machinery parts such

as spool heads and spinning
buckets for textile industry,
trowel tandles.

Aerospace applications. Typical
uses are airframe parts, landing
gear and undercarriage part:.
Structural parts requiring n.gh
resistance tn stress corrosion
cracking use overaged tempers,

i
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ALCOA FORGING ALLOY DATA

TYPICAL PHYSICAL PROPERTIES-- ALUMINUM FORGING ALLOYS

T Electrical

3 1 conductivity Thermal
;i Alloy Meltina percent of conductivity
B and Density range International at 259C,
temper 1b/cu in. approximate Vf Anncaled Copper CGS units
Standard .
2014-T4 6.1012 950-1180 34 0.32
. 2014-Te 0.1012 950- 1180 40 0.37
: 2014-T61 0.1012 950-1180 20 V.37
B 2024-T&52 0.1005 935-1180 38 0.36
g £ 2219-7T6 0.1023 1010-1190 32 0.30
B 2219-7852 0.1023 1018-1190 32 0.30
g i 2618-T61 0.0999 1040-1185 39 0.36
B i 4032-T6 0.0966 990-1060 35 ¢.33
‘E 5083-H111 0.0961 1075-118% 29 0.2
5083-H112 0.0961 1075-1185 29 0.28
5083-H131 0.0961 1075-1135 29 0.28
©001-76 $.05%76 1100-120Y 43 U.40
606i-T652 0.0976 1:00-1205 43 G.40
6051-16 0.0977 1090-1200 a5 0.41
6161-TER2 0.0977 1090-1200 45 0.4]
7075-T6 0.1013 840-1175 33 0.31
7075-1657 0.1013 890-1175% 33 0.31
7075-T73 0.1013 8380-1175 40 0.35
7075-T7352 0.1013 890-1175 49 0.36
Average Coefficient of Thermal Dxpension—aAluminum Forging Al]oys]
3 - e - —
33 AT e Temperature Ranac L :
A0y 1EE0 T GV T TTRRD to 2120r T TR0 vy agulr T T R G 57208
fE 2014 1.7 12.5 13.1 13.6
& 2024 11.7 12.7 13.2 13.8
g 2219 1:.7 12.% 13.1 3.
2618 11.5 1.4 12.9 13.4
4032 10.1 10. ¢ 11.3 11.7
5083 12.3 12,2 13.¢ 14.3
6061 12.1 13.0 13.6 6.1
6151 12.0 1.9 13.5 14.0
7075 12.1 13.0 13.6 14.1

Figure G
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WEIGHT ESTIMATES OF PROPOSED DESIGN CORCEPTS

WITH COMPARISON 10 EXISTING TRACKS

1 2 3 4

Part Single Pin Singie Pin Double Pin Single Pin
Pin(s) and Nuts 3.3 4.8 9.6 3.3
Bushings 2.4 2.7 2.7 2.4
Pad 2.8 2.8 Z2.8 2.8
Body Rubber 1.0 1.0 1.0 1.0
Body 10.4 10.4 12.3 11.3
Centerguide .9 .9 .9 .9
Orive Assembly _2.0 3.0 3.5 4.0
Total Weight 22.8 25.6 32.8 25.7
Per Shoe
Weight per Foot 45.6 51.2 65.6 51.4
of Track
weight per foot of iVTP-7 Track 62.8 Lbs.
{(Per NAVSHIPS LVTP-7 Characteristic
Data Sheet, May 1974)
Weight per foct of modified LVTP-7 66.0 Lbs.

Track for MICV (per U. S,

Army Tank-

Automotive Command Drawing 12250718,
December 13, 1974

Figure 7
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ESTIMATED PRODUCTION PRICE OF
RECOMMENDED CONCEPTS

Concept 2 Concept 4
Production Forging Dies $22,250 $32,750

Production price (10,000 quartity) $ 78 $ 88
per pitch, assembied in sections,
packaged for shipment

Figure 8
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